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Introduction

Brookhaven National (BNL) Laboratory is a
multidisciplinary laboratory that carries out
basic and applied research in the physical,
biomedical, and environmental sciences, and
in selected energy technologies. Itis managed
by Brookhaven Science Associates, LLC,
under contract with the U. S. Department of
Energy. BNL’s total annual budget has
averaged about $460 million. There are about
2,700 employees, and another 4,500 guest
scientists and students who come each year to

use the Laboratory’s facilities and work with
the staff.

The BNL Laboratory Directed Research and
Development (LDRD) Program reports its
status to the U.S. Department of Energy
(DOE) annually in March, as required by DOE
Order 413.2A, "Laboratory Directed Research
and Development," January 8, 2001, and the
LDRD Annual Report guidance, updated
February 12, 1999. In FY 2005 the LDRD
Program continued to obtains its funds
through the Laboratory overhead pool and
operates under the authority of DOE Order
413.2A. Based on pending guidance from the
DOE-CFO this funding structure will be
changing in FY 2006.

The goals and objectives of BNL's LDRD
Program can be inferred from the Program's
stated purposes. These are to (1) encourage
and support the development of new ideas and
technology, (2) promote the early exploration
and exploitation of creative and innovative
concepts, and (3) develop new "fundable"
R&D projects and programs. The emphasisis
clearly articulated by BNL to be on supporting
exploratory research "which could lead to new
programs, projects, and directions" for the
Laboratory.

As one of the premier scientific laboratories of
the DOE, BNL must continuously foster
groundbreaking scientific research. At
Brookhaven National Laboratory one such
method is through its LDRD Program. This
discretionary research and development tool is
critical in maintaining the scientific excellence
and long-term vitality of the Laboratory.
Additionally, it is a means to stimulate the
scientific community and foster new science
and technology ideas, which becomes a major
factor in achieving and maintaining staff
excellence and a means to address national
needs within the overall mission of the DOE
and BNL.

The LDRD Annual Report contains
summaries of all research activities funded
during Fiscal Year 2005. The Project
Summaries with their accomplishments
described in this report reflect the above goals
and objectives. Aside from leading to new
fundable or promising programs and
producing especially noteworthy research, the
LDRD activities have resulted in numerous
publications in various professional and
scientific journals and presentations at
meetings and forums.

All FY 2005 projects are listed and tabulated
in the Project Funding Table. Also included
in this Annual Report in Appendix A is a
summary of the proposed projects for FY
2006. The BNL LDRD budget authority by
DOE in FY 2005 was $10.5 million. The
actual allocation totaled $9.0 million.

The following sections in this report contain
the management processes, peer review, and
the portfolio's relatedness to BNL's mission,
initiatives and strategic plans. Also included
is a metric of success indicators and Self
Assessment.



Management Process

PROGRAM ADMINISTRATION:

Overall Coordination: Overall responsibility
for coordination, oversight, and administration
of BNL's LDRD Program resides with the
Laboratory's Director. Day-to-day responsi-
bilities regarding funding, oversight, proposal
evaluation, and report preparation have been
delegated to the dedicated Scientific Director
(SD) for the LDRD Program who now reports
to the Assistant Laboratory Director for Policy
and Strategic Planning. (PSP). The Office of
the Assistant Laboratory Director for Finance
(ALDF) continues to assist in the
administration of the program. This includes
administering  the  program  budget,
establishment of project accounts, maintaining
summary reports, and providing reports of
Program activities to the DOE through the
Brookhaven Site Office Manager.

Responsibility for the allocation of resources
and the review and selection of proposals lies
with a management-level group called the
Laboratory Directed Research & Development
Program Committee. For Fiscal Year 2005,
the Program Committee--which selected the
2006 programs--consisted of twelve members.
The Scientific Director of the LDRD Program
chaired the Committee, and the other
members were the Assistant Laboratory
Director for Policy and Strategic Planning
(PSP), five Associate Laboratory Directors
(ALDs), and five members from the scientific
departments and divisions (S).

2005 LDRD PROGRAM COMMITTEE

Leonard Newman Chairperson (SD)

Pat Looney Assistant Laboratory
Director for Policy and
Strategic Planning
(PSP)

Ralph James Energy, Environment &
National Security (ALD)

Samuel Aronson High Energy & Nuclear
Physics (ALD).

Peter Bond Life Sciences (Interim
ALD)

Steven Dierker Light Sources (ALD)

Doon Gibbs Basic Energy Sciences
(ALD)

John Dunn Biology (S)

James Davenport Computational Science

Center (S)
Steven Kettell Physics (S)
G. Carr Light Source (S)
Jose Rodriguez Chemistry (S)

Allocating Funds: There are two types of
decisions to be made each year concerning the
allocation of funds for the LDRD Program.
These are: (1) the amount of money that
should be budgeted overall for the Program;
and (2) of this, how much, if any, should go to
each competing project or proposal. Both of
these decisions are made by high-level
management.

For each upcoming fiscal year the Laboratory
Director, on recommendation by the Deputy
Director for Science and Technology
(DDS&T) and the Assistant Laboratory
Director for Policy and Strategic Planning
(PSP) and in consultation with the ALDF,
develops an overall level of funding for the



LDRD Program. The budgeted amount is
incorporated into the Laboratory's LDRD
Plan, which formally requests authorization
from the DOE to expend funds for the LDRD
Program up to this ceiling amount.

The majority of projects are authorized for
funding at the start of the fiscal year.
However, projects can be authorized
throughout the fiscal year, as long as funds are
available and the approved ceiling for the
LDRD Program is not exceeded.

The actual level, which may be less, is
determined during the course of the year and
is affected by several considerations
including: the specific merits of the various
project proposals, as determined by
Laboratory management and the members of
the LDRD Program Committee; the overall
financial health of the Laboratory; and a
number of budgetary tradeoffs between LDRD
and other overhead expenses.

At BNL the LDRD Program was historically a
much smaller portion of the total budget than
at comparable National Laboratories. This
prevented the Laboratory from preparing itself
for work in emerging areas of research.
Accordingly, the LDRD budget has been
significantly increased over the past ten years
from $2.0 million to $9.5 million, or from less
than 1% to almost 2% of the Laboratory
budget. The target level is to go to about 4%,
which would still be significantly less than the
DOE mandated maximum of 6%.

Request for Proposals: The availability of
special funds for research under the LDRD
Program is well publicized throughout the
Laboratory. This is done using two methods -
-one occurring at yearly intervals, the other
occurring irregularly. Each year a call letter is
sent by the SD for LDRD to the Scientific
Staff and as a separate memorandum to all the

Associate  Laboratory  Directors  and
Department Chairpersons. The FY 2006 call
issued in February 2005 is attached as Exhibit
A. This early schedule better facilitated the
recruitment of post-doctorate candidates to
support LDRD projects. We continued the
process initiated in FY 02 that permits the
deferral of expending the budget allocation
into a third year to permit the full funding of
post doctorates for two years, as they might
not arrive at the onset of the LDRD project.
The call references the BNL LDRD
Standards-Based = Management  System
(SBMS) Subject Area, which is available to
all employees on the web at
https://sbms.bnl.gov/sbmsearch/subjarea/99/9
9 SA.cfm?parentID=99. The other method is
through a feature article in The Bulletin, the
Laboratory's weekly newspaper.

The LDRD SBMS Subject Area specifies the
requirements necessary for participation in the
program. It states the program's purpose,
general characteristics, procedures for
applying, and restrictions. An application for
funding, i.e., a project proposal, takes the form
of a completed "Proposal Information
Questionnaire," Exhibit B. An application
must be approved up the chain-of-command
which includes the initiator's Department or
Division Budget Administrator and the
Department Chairperson or Division Head.

The Chairperson or Division Head reviews the
Proposal Information Questionnaire for
completeness. This includes the review of
responses to questions on National
Environmental Policy Act (NEPA) and
Environmental Safety and Health (ES&H).

Plans to ensure the satisfactory continuation of
the principal investigator's regularly funded

programs must also be approved.

The applications are then forwarded to the



LDRD Program Committee for full review
and consideration for funding.

The process that solicits and encourages the
development of proposals has evolved into
two modes of operation. Specifically, the
ideas for proposal development may originate
among the scientific staff in response to the
general call for proposals. Alternatively, they
may be initiated by Laboratory science
management. A portion of the LDRD budget
was set aside as the Laboratory Directors Fund
to address these issues. Eventually, both
follow the standard procedures for proposal
approval up the chain-of-command to the
same decision makers. The fact that all
proposals must be approved up the chain-of-
command permits BNL managers to consider
all ideas together when designing the mix of
projects for the LDRD Program.

Program Process

 REQUESTFORPROPOSALS |

- Call for Proposals -LDRD Manual

 PRINCIPAL INVESTIGATOR

- Prepares Proposal
- Completes Questionnaire

FINANCIAL ADMINISTRATOR

DEPT CHAIRIDIV HEAD

LDRD COMMITTEE

LDRD Committee:
-Reviews Proposals H
- Approv./Disapprov.

| LABORATORY DIRECTOR

- Apprv./Disapprv. Proposal List Award Notice
= (Pending DOE
Concurrence)

Scientific Director and ALD Finance

Provides DOE: | : Provides Oversight& : | -Set-up Account
-Apprv. Proposals | i Checks & Balances ; ;-Collect Costs by AIC
-LDRD DataBase | ! Reporting

-Reports

An initiative from management typically takes
the form of a broad topical area or item of
special interest such as computational biology.
Then these ‘“areas of interest” are
communicated broadly to the scientific staff
and in particular to staff members who are
known to be in a position to pursue and
develop their ideas in the form of a more
formal proposal.

Proposal Review: Once the cognizant line
managers approve the proposals, they are
forwarded to the Chairperson of the
Committee (SD for LDRD) who transmits a
copy of the abstracts of all proposals received
to the Committee for review. The Committee
considers all proposals that have met certain
minimum requirements pertaining to the
Department's and BNL's LDRD policies.

Lead proponent responsibility of a proposal is
assigned to that Associate Laboratory Director
of the Committee who oversees and directs
the technical area from which the proposal
originated. One other ALD and a S serve as
second proponents. The SD and the PSP serve
as third proponents for all of the proposals.
All of the above receive for review the full
proposals for which they are responsible. A
description of the process is outlined in the
Figure above. All members have several
weeks to review the proposals and prepare for
a full debate on each proposal. The DOE
Project Manager is present during the
Committee evaluation sessions as a non-
voting member.

Selection Criteria: Minimum requirements
for each proposal are: (1) consistency with
program purpose; (2) consistency with
missions of BNL, DOE, and NRC; (3)
approval by Department Chairperson and/or
Division Head, and cognizant Associate/
Assistant  Director; (4) assurance of
satisfactory  continuation of principal



investigator's regularly funded programs; (5)
modest size and generally scheduled for 2
years but limited to no more than 3 years; (6)
will not substitute for, supplement, or extend
funding for tasks normally funded by DOE,
NRGC, or other users of the Laboratory; (7) will
not create a commitment of future multi-year
funding to reach a useful stage of completion;
and (8) will not fund construction line-item
projects, facility maintenance, or general
purpose capital equipment.

The selection criteria used to evaluate and
rank individual proposals are stated in broad
terms. While the LDRD SBMS Subject Area
clearly states that selection is based on (1)
scientific or technological merit, (2)
innovativeness, (3) compliance with minimum
requirements, (4) proposal cost as compared
to the amount of available funding, and (5) its
potential for follow-on funding.  The
requirements of DOE Order 413.2A are also
carefully considered during the selection
process to ensure that proposals are consistent
with DOE criteria.

Project Approval: All proposals are rated and
then discussed with the discussion of the
lower rated proposals kept to a minimum.
The Committee selects the highest priority
proposals, by concurrence, for detailed
discussion. Final selections are made by a
vote of the ALDs as recommended for
funding. Some funding may be held in
reserve earlier in the fiscal year so that funds
remain available for proposals submitted at
later dates. The funding amount requested in
any one specific proposal may be changed or
adjusted during the approval process. The
Committee's recommendation is then
submitted to the Laboratory Director for
approval. After approval by the Director all
new projects are submitted to the DOE-
Brookhaven Site Office (DOE-BHSO) for
concurrence by the DOE Project Manager

prior to start. The ALDF then sets up a
separate laboratory overhead account to
budget and collect the costs for the project.

Project Supervision: The SD for LDRD
carries out overall supervision of the projects.
Supervision over the actual performance of

- LDRD projects is carried out in the same way

as other research projects at the Laboratory.
Each principal investigator is assigned to an
organizational unit (Department, Division),
that is supervised by a chairperson or
manager.

Each chairperson or manager is responsible
for seeing that the obligations of the principal
investigator are satisfactorily fulfilled and that
the research itself is carried out according to
standard expectations of professionalism and
scientific method. The SD monitors the
project's status, schedule, and progress and
coordinates with the chairperson or manager
as necessary.

The SD organizes a mid-year review of all
projects. Each PI presents a progress report
on the status of their project. In attendance is
the SD, the PSP, the DDS&T, the cognizant
ALD and Department Chair, and a
representative from the ALDF and DOE-
BHSO. This review checks on the progress of
the projects including its funding schedule.
This allows the SD to ensure that the work be
completed in a timely manner.

In addition, the SD conducts a monthly
meeting with the DOE LDRD Project
Manager to update the progress of the
program and to solicit assistance to verify that
the BNL LDRD Program is meeting the
overall LDRD requirements. This includes -
providing the DOE-BHSO with copies of all
funded proposals, an LDRD Program
database, and a project funding and schedules
summary report.



Project Reporting: Routine documentation of
each project funded under the LDRD Program
consists of a file containing: (1) a copy of the
written proposal; (2) all interim status reports;
(3) notifications of changes in research
direction, if any; and (4) reports on costs
incurred. Also, a formal LDRD Plan and the
Annual Report on the LDRD Program (this
Report) are submitted to BNL management
and the DOE summarizing work progress,
accomplishments, and project status on all
projects.

Documentation for the overall Program
consists of (1) various program history files,
(2) a running list of all proposals with their
acceptance/rejection status, (3) funding
schedule and summary reports for all
approved projects, (4) permanent records on
cost accounting, and a database containing
information on each funded project
(description, funding by fiscal year, status and
accomplishments,  follow-on  funding,
publications, etc.). We have a Data Collection
Form (Exhibit C) so that we can more
formally collect information on the impacts of
the projects. Each project will be tracked for
two years after its completion so as to gather a
complete set of data on the impact of the
project. Also, we input LDRD data into the
DOE-Chief Financial Officer’s Laboratory/
Plant Directed Research and Development
Web Site (https://ldrdrpt.doe.gov) to support
DOE reporting of LDRD to Congress.

Some of the projects may involve animals or
humans. Those projects will have received
approval from the Laboratory's appropriate
review committees. The projects which
involve animals or humans are identified in
this report as follows:

Note: This project involves animal vertebrates or human subjects.

This is noted on the summary sheet and also at
the end of each report.

All projects selected for approval are reviewed
by the BNL Operations Security (OPSEC)
Working Committee chair for classification
review and operational security
considerations.



Peer Review

LDRD projects have peer reviews performed
in several different ways. Primarily, LDRD
research is managed and reviewed by the
cognizant Department and Division manager.
These projects are a part of the activities of
their respective Department and Divisions in
which they reside. The BNL LDRD Program
itself does not solicit formal peer reviews,
consisting of written comments by experts
outside the normal lines of supervision.
Instead, advisory committees that consist of
subject matter experts from academia and
industry conduct peer reviews of LDRD
projects as part of a Department 's program
review. One such group is the Brookhaven
Science  Associates' Science Advisory
Committee, which performs peer reviews of
different Laboratory programs on a rotating
basis. There are also periodic reviews of the
science at the Laboratory performed by
various offices of DOE.

In addition to these outside peer reviews of the
BNL program, the members of the LDRD
Committee are considered to have sufficient
technical knowledge to perform peer reviews
of projects during the initial selection process
and annual renewal. Also, all LDRD projects
go through a formal mid-year review
(described in the previous section under
project supervision) conducted by the SD that
includes the Assistant Laboratory Director for
Policy and Strategic Planning, the Deputy
Director for Science and Technology, and the
cognizant Department Chair and Associate
Laboratory Director.



Self Assessment

BNL supports the concept of continued
improvement as part of its management of the
Laboratory. To achieve this goal every year
BNL performs self assessments on various
functions at the Laboratory. In FY 2005, BNL
conducted self assessments on program
processes and accomplishments of the LDRD
Program.

In FY 2005, all aspects of the program
continue to function efficiently and
effectively. = The Laboratory added an
Assistant Laboratory Director for Policy and
Strategic Planning (PSP) who has oversight of
the LDRD Program. This better supported the
need to align the selected projects with
Laboratory Initiatives.

As part of the annual assessment the LDRD
Program Director and the PSP met with each
ALD to solicit feedback on the LDRD
selection process. In general, the comments
were positive and the current process will
continue in FY 2006 with some logistic
changes. The process will continue to move
toward a totally paperless process. Proposals
will be submitted electronically and
maintained on a database that the selection
committee can access. In addition, decisions
are under way to have improved abstracts to
allow for better initial screening of projects.

The LDRD Program continues to emphasize
that funding would be made for two years.
This permits us to fund more projects in
subsequent years. There was a mid-year
review of all projects. This review was a
factor in determining whether a project would
continue into the next fiscal year. The Mid-
year review continues to improve in format
and quality. Several Directorates now conduct
preliminary reviews of the projects prior to the
Laboratory formal mid-year review. In

addition, the Scientific Director conducted
monthly meetings with the DOE Brookhaven
Site Office (BHSO) to update the progress of
the program and verify that the BNL LDRD
Program is meeting the overall LDRD
requirements.  Congressional  inquiries
continue to impact the DOE LDRD Program.
This, along with BNL budget uncertainties
required that we delay the start of those new
programs that were approved for FY 2006.

BNL maintains its support of any new LDRD
requirements by:

» Participating in the DOE SC LDRD
working group to develop new guidelines

« Participating in changes to the DOE Chief
Financial Officer (CFO) LDRD database

 Ensuring that all projects support the DOE
security missions and missions of other
federal agencies

« Identifying potential use/benefits to the
DOE security missions for all projects

+ Submitting data sheets for all projects to
the DOE-BHSO for concurrence

* Including the DOE-BHSO LDRD Program
Manager in all LDRD selection meetings

In FY 2005, BNL received approval from
DOE of a $10.5 million budget, which is
approximately 2 percent of BNL operating
funds, but is still far less than the maximum of
6 percent permitted by DOE. However, due to
financial constraints the allocation was limited
to $9.5 million with 1 million in reserve.
There continues to be many success stories in
the LDRD Program with projects
subsequently receiving direct funding from
DOE, NIH, and CRADA agreements. In
addition, several patents were submitted based
on LDRD research.



Relatedness of LDRD to

Laboratory Programs and
Initiatives

BNL's mission is to produce excellent
science in a safe, environmentally benign
manner with the cooperation, support, and
appropriate involvement of our many
communities. Brookhaven was founded as a
laboratory which would provide specialized
research facilities that could not be
designed, built, and operated at a university
or industrial complex, and provides a
scientific core effort for these facilities.
This still remains a basic mission of the
Laboratory.

BNL is committed to cultivating programs
(including the LDRD) of the highest quality.
These programs address DOE’s Strategic
Mission which is to conduct programs
relating to energy resources, national nuclear
security, environmental quality, and science.

Brookhaven National Laboratory has the
following elements in its mission which
support the DOE programmatic business
lines.

The elements of Brookhaven's mission
support and cut across the central activities
of the Department of Energy as defined in
its Strategic Plan.

The Laboratory's breadth of expertise as
provides the basis for its contributions to the
DOE's missions and focuses on providing
extraordinary tools for the pursuit of basic
science and technology.

SCIENCE & RESEARCH
FACILITIES
Conceive, design, construct, and operate
complex, leading-edge, user-oriented
facilities in response to the needs of the
DOE, and the needs of the international
community users. :

SCIENTIFIC PROGRAMS

Carry out basic and applied research in
long-term high-risk programs at the
frontier of science.

ENERGY RESOURCE MISSION,
ENERGY TECHNOLOGIES

Perform R&D to provide clean,
sustainable energy focusing on basic and
applied research, system analysis and
technology development.

NATIONAL SECURITY MISSION

Focus on domestic and international
programs in nonproliferation and national

security.

ENVIRONMENTAL QUALITY
MISSION
Remediate the site and decontaminate and
decommission of several research
reactors.

TECHNOLOGY TRANSFER

Developing, managing, and transferring to
industry intellectual property and
technical know-how associated with
research discoveries.




Overall, the LDRD portfolio supports all of the
BNL themes and strategic objectives which in
turn supports the DOE strategic initiatives (see

table)
Number of
THEMES LDRD Projects
1 Scientific Facilities Operations
e RHIC 0
e NSLS
o ATF
e LEAF
e STEM
e Tandem
e BMRR
2 Nuclear Physics
e Quark/gluon plasma 1
e Spin Physics
3 High Energy Physics
e - Standard Model 2
e  Rare Particles & Processes
4 Advanced Accelerator & Detector
Concept and Designs - Advanced 12
Instrumentation
e Muon Collider
e DUV-FEL
e LHC
e SNS
5  The Physics & Chemistry of
Materials 12
e  Superconductivity
e  Magnetism
e Surfaces
e Nanostructure
6  Energy Sciences
e  Combustion 9
e  Catalysis
e Bio-fuels
e  Batteries
e Geothermal
e  Buildings
7  Environmental Sciences
e  Atmospheric 16
e Terrestrial
e  Bio-remedial
e  Waste Technologies
e Counter Terrorism
8  Medical and Imaging Sciences & 9
Technology
9  Advanced Computation 0
10 Biological Sciences 10
11 Critical Infrastructure 1
Totals 72
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Summary of Metric Data

Statistical data is collected on all projects for
the annual report. Since the LDRD Program
is intended to promote high-risk research, the
data collected has nominal value on a project-
by-project basis. It does provide a general
overall picture of the productivity of the
LDRD Program.

Some of the more common indicators/
measures of success are: 1) the number of
proposed, received and approved projects, 2)
amount of follow-on funding, 3) the number
of patents applied for, and 4) the number of
articles published in peer-reviewed journals.

Historically, statistics on the number of
projects approved, compared to those rejected,
show an overall approval rate of about 30
percent for new starts (see table). Essentially
all of the scientific departments were
represented in the FY 2005 LDRD Program.
The LDRD Program at BNL is expanding and
is generating interest from across the entire
Laboratory population.

In FY 2005, the BNL LDRD Program funded
78 projects, 41 of which were new starts, at a
total cost of $8,378,553. Included in this
report is the Project Funding Table, which
lists all of the FY 2005 funded projects and
gives a history of funding for each by year.

11

FY DOEAUTH. BNL AUTH. COSTED NO. NEW

SK $K $K RECD. STARTS FUNDED
1985 4,000 1,842 1,819 39 13 13
1986 4,500 2,552 2,515 22 15 25
1987 4,000 1,451 1,443 29 8 17
1988 4,000 1,545 1,510 46 14 23
1989 4,000 2,676 2,666 42 21 29
1990 4,000 2,008 1,941 47 9 26
1991 2,000 1,353 1,321 23 14 21
1992 2,500 1,892 1,865 30 14 25
1993 2,500 2,073 2,006 35 14 28
1994 2,500 2,334 2,323 44 15 27
1995 2,500 2,486 2,478 46 13 31
1996 3,500 3,500 3,050 47 17 31
1997 4,500 4,500 3,459 ! 10 28
1998 3,500 4,000 2,564 53 4 20
1999 4,750 4,612 4,526 67 25 33
2000 6,000 6,000 5,534 93 21 45
2001 6,000 6,000 5,345 97 38 70
2002 7,000 7,000 6,732 87 29 70
2003 8,500 8,482 7,830 153 44 - 83
2004 9,500 8,550 7,209 107 19 72
2005 10,500 9,073 8,379 114 41 78
2006 11,500 9,127 96 29 87
TOTALS 111,750 93,056 76,515 1,388 427 882

An analysis of the FY 2005 projects shows
that many of the projects were reported to
have submitted proposals for grants or follow-
on funding (several received funding), and a
multitude of articles or reports were reported
to be in publication or submitted for
publication. Several of these projects have
already experienced varying degrees of
success, as indicated in the individual Project
Program Summaries that follow. A summary
of success indicators for the FY 2005 projects
is as follows:

TOTAL



SUCCESS INDICATORS
FY 2005

QTY

Number of postdoctoral researchers
supported in full or in part by LDRD
during the fiscal year.

48

Number of students supported in full
or in part by LDRD during the fiscal
year.

Number of full-time scientific and
technical research staff hired as a
result of full or partial LDRD support
during the fiscal year.

Number of LDRD-derived refereed
publications (e.g., journal articles,
conference papers, book chapters, or
other reports) published during the
fiscal year. This indicator includes all
publications derived in whole or in
part from LDRD projects funded in
any year.

97

Number of LDRD-derived invention
disclosures filed during the fiscal year
(disclosure are internal laboratory
intellectual property documents). This
indicator includes all disclosures
derived in whole or part from LDRD
projects funded in any year and all
subsequent LDRD follow-on
activities.

Number of LDRD-derived patents
issued/granted during the fiscal year.
This indicator includes all patents
derived in whole or part from LDRD
projects funded in any year and all
subsequent LDRD follow-on
activities.

Number of LDRD-derived copyrights
(other than publications)
issued/granted during the fiscal year.
This indicator includes all copyrights
derived in whole or part from LDRD
projects funded in any year and all
subsequent LDRD follow-on
activities.

Total number of national awards or
recognitions received that are
attributable in whole or in part from
this LDRD.

Total number of formal presentations
originating in whole or in part from
this LDRD, including those that have
been accepted for presentation but not
yet presented.

401
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Total number of reports originating in 27
whole or in part from this LDRD.

Total number of review presentations 32
that pertain to this work.

In conclusion, the overall LDRD Program has
been successful. In FY 2005, the LDRD
Program has improved on the level established
in FY 2004 which already was at a high level.
This increase in size is a consequence of the
identification of the LDRD Program by
Laboratory Management to be an important
part of its future. The LDRD Program is akey
component for developing new areas of
science for the Laboratory. In FY 2005 the
Laboratory continued to experience a
significant scientific gain by the achievements
of the LDRD Projects.
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High-Brightness, High-Power
Electron Beams
Ilan Ben-Zvi

03-004

PURPOSE:

The objective of this work is to develop
bright and high power electron beams from
photoinjector electron sources. This is done
through the development of CW
photoinjectors and critical subcomponents
for the photoinjectors.  Getting a high
brightness and high power electron beam 1is
a risky, cutting edge R&D, but the payoff
could be high in enabling new radiation
sources such as x-ray Free Electron Lasers
(FELs) and Photoinjected Energy Recovery
Linacs, electron cooling for RHIC and high-
power FELs for defense applications.

APPROACH:

The PI, in collaboration with Triveni
Srinivasan-Rao, undertook to carry out the
development of a superconducting laser
photocathode RF guns and the associated
photocathodes.  The basic tools of the
research were the niobium superconducting
RF gun (Figure 1) and photocathode
preparation and testing systems (Figures 2
and 3).

TECHNICAL PROGRESS AND
RESULTS:

We tested the superconducting
photoinjector. As a result we became the

first US laboratory to possess a functioning
superconducting laser photocathode RF gun.

Photoelectrons from an all niobium
superconducting  injector have  been
generated for the first time. A quantum

Efficciency, QE of 2x10° at 266 nm and
2x10° at 248 nm, maximum charge of 10
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nC in 10 ns and charge/cycle of 0.8 nC were
measured. The relatively small improvement
observed in the QE after laser cleaning is
attributed to the long distance between the
cathode and the closest ion pump and the
possibility of the laser ablated material
adsorbed back onto the cathode surface at
cryogenic temperature. No cavity quenching
has been observed even at the maximum
laser energy of 3 mJ, maximum repetition
rate of 250 Hz and maximum charge of 10
nC from the cathode.

As the program of testing the niobium
cathode came to a successful conclusion, we
modified the gun to accept an
interchangeable photocathode by
incorporating a choke-joint in the gun.
Figure 1 shows the superconducting, all-
niobium photoinjector with the choke-joint.
The success of this program led to a decision
by the US Navy to construct a high-current
(up to 0.5 ampere average current)

superconducting photoinjector using BNL
expertise in the design of such devices and
hand it over to BNL for testing.

Figure 1.  Superconducting photomjector wi
choke-joint for insertion of photocathodes.

In turn, the future availability of the new
gun (to be completed in March 2007) led the
Navy to invest further funding at BNL and
construct a high-current demonstration
Energy Recovery Linac at Building 912 at



'BNL/C-AD, which will use the gun and
other components available.

photocathode test

Figure 3. Diamond hydrgenation chamber.

Another development, which stemmed from
this LDRD work has been the diamond
amplified photocathode invention. In this
new concept, a thin (30 micron) diamond
window is positioned between the
photocathode and the electron gun
acceleration region. The electrons released
from the photocathode are accelerated by a
modest DC voltage of about 5 kV to strike
the diamond window through a face, which
is covered with a thin metal electrode. The

21

primary electrons generate a large number of
electron-hole pairs. The holes are collected
by the thin metal layer, while the secondary
electrons are drifted through the diamond
and exit it through a Negative Electron
Affinity (NEG) face into the accelerating
space of the gun. Figure 2 shows the
diamond amplifier test chamber and Figure
3 shows the diamond hydrogenation system.

The advantages of this new principle of

amplified photocathode are as follows:

e The quantum efficiency of the
photocathode is increased by a couple of
orders of magnitude.

e The temporal characteristics of the laser
pulse are maintained.

e The cathode’s lifetime is increased very
significantly, due to the protection
afforded by the diamond window.

e The gun is protected from the cathode
materials, enabling one to use a
superconducting RF gun.

SPECIFIC ACCOMPLISHMENTS:

Publication:

J. Sekutowicz, S. A. Bogacz, D. Douglas, P.
Kneisel, G. P. Williams, M. Ferrario, 1. Ben-
Zvi, J. Rose, J Smedley, T. Srinivasan-Rao,
L. Serafini, W.-D. Mdller, B. Petersen, D.
Proch, S. Simrock, P. Colestock, and J. B.
Rosenzweig, Proposed continuous wave
energy recovery operation of an x-ray free
electron laser, Phys. Rev. ST Accel. Beams
8, 010701 (2005)

LDRD FUNDING:

FY 2003 $150,000
FY 2004 $192,464
FY 2005 $190,047



Structural Properties of
Methane Hydrates

Devinder Mahajan 03-056

PURPOSE:

The key to recovering methane from
globally abundant methane hydrate is to
understand its kinetic stability in host
sediments. An uncertainty remains as to the
nature of sediment pores in which methane
hydrates prefer to form and reside. The
purpose of this project is to measure key
physical properties of host sediments from
methane hydrate sites and then correlate
their structural characteristics with the
formation of guest (methane hydrate)-host
(sediment) complexes.

APPROACH:

Our approach involves: 1) measuring
porosity and related properties of the
sediment samples, obtained from the
methane hydrate sites, using Computed
Microtomography (CMT) and 2) obtaining
baseline methane hydrate formation/
decomposition data on the guest-host
complexes in the characterized sediments.
Pristine samples of host sediments from
Blake Ridge, a well-known hydrate site,
were obtained from the United States
Geological Survey (USGS), Porosity and
other sediment properties were measured at
the Beamline X27A at the NSLS. In
addition, a unique unit to study methane
hydrate kinetics has been brought on-line
that mimic subsurface conditions.

TECHNICAL
RESULTS:

PROGRESS AND

Three sediment samples: two from Blake
Ridge, off the coast of the Carolinas (depths
of 50 m and 667 m), and one from Georges
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Bank (0.2 m), both well-established methane
hydrate sites, were obtained though USGS to
establish their porosity differential as a
function of depth. The CMT technique was
used to collect 2-D data on the sediment
slices, from which 3-D images of the
sediments were reconstructed (Figurel).

Qawdy )

(19x19) &

Figure 1. Fluid flow pathways reconstructed from
the 2-D data for the 50 meters depth sample. Small
diameter pathways correspond to a red color whereas
a blue color indicates larger diameter pathways. The
pixel sizes for the three axes are .0068 mm.

The calculated porosity values show that
sediment porosity decreases as a function of
depth: 80.7%, 64.3%, and 58.1% for 0.2, 50
and 667 meters respectively. Further data
refinement now continues. In addition, a
customized cell, capable of operating at high
pressures and low temperatures (those
mimicking ocean floor conditions), was
obtained from a vendor to study in situ
methane hydrate formation at the beam line.

A parallel effort was initiated to study the
methane hydrates formation/decomposition
in the characterized sediments. A unit
capable of a flexible, integrated study of the
hydrate was constructed and baseline kinetic
data of pure methane hydrate formation were
collected. ~The data fits well with the
reported literature studies (Figure 2).

In FY05, the work was completed to further
test the unit and data dissemination



continued. Further work to establish the
effect of sediment porosity on methane
hydrate formation kinetics is in progress
with follow-up funding from U.S DOE,
Office of Fossil Energy.

Pressurs (pol)

Tomperature (°C)

Figure 2. Pure methane hydrates formation in the
BNL unit. The line represents theoretical values.

SPECIFIC ACCOMPLISHMENTS:

Refereed Publications

1. M. Eaton, D. Mahajan, and R. Flood. A
Novel High-Pressure Apparatus to Study
Hydrate-Sediment Interactions. J. Pet. Sci. &
Eng., Accepted.

2. Fundamental Challenges to Methane
Recovery from Gas Hydrates. P. Servio, M.
Eaton, D. Mahajan, and W.. Winters.
Topics In Catal., 101-108 (2005).

3. Methane Hydrate Studies: Decomposition
Kinetics and Delineating Properties of Host
Sediments. D. Mahajan, P. Servio, K.W.
Jones, H. Feng, and W.J. Winters. Chapter
16 in Advances in the Studies of Gas
Hydrates, C. E. Taylor and J. T. Kwan,
Editors, pp. 239-250, Kluwer Academic
Publishers, Inc., New York, New York.

Presentations

1. Hydrate-Sediment Interactions in a Novel
High-Pressure Apparatus. Symp. on Gas
Hydrates and Clathrates. M. Eaton, D.
Mahajan, R. Flood Co-sponsored by the
ACS Petroleum Chemistry and Fuel
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Divisions. 229™ ACS National Meeting, San
Diego, CA. March 13-17, 2005.

2. Morphology of methane hydrate host
sediments. K.W. Jones, H. Feng, S. Tomov,
W.J. Winters, Michael Eaton, and D.
Mahajan. Same as in 1.

3. Technical Challenges to Mining Methane
Hydrates: The next Energy Frontier”. Marine
Sciences and  Atmospheric  Sciences
Colloquium Series, Stony Brook University,
New York. February 6, 2004.

4. Gulf of Mexico Naturally Occurring Gas
Hydrates JIP Workshops. Denver, CO.
September 30 - October 1, 2003.

5. Kinetic Reproducibility of Methane
Production from Methane Hydrates. P.
Servio and D. Mahajan. Symposium on
Synthetic Clean Fuels from Natural Gas and
Coal-bed Methane: 30 Years Since First
Oil Crisis. Co-sponsored by the ACS Fuel
and Petroleum Chemistry Divisions. 2260
ACS National Meeting, New York, NY.
September 7-11, 2003.

6. Methane Hydrate Studies: Delineating
Properties of Sediments Using Synchrotron
Computed Micro tomography (CMT). D.
Mahajan, K. W. Jones, H. Feng, and W. J.
Winters. Presented at the Symposium on Gas
Hydrates, 2003 AICHE Spring National
Meeting, Abstract #78a New Orleans, LA
March 30- April 3, 2003.

Review Presentation

e Methane Hydrate Activity at BNL - An
Overview. D. Mahajan. To NETL/ DOE.
May 5, 2003.

LDRD FUNDING:

FY 2003 $ 85,000
FY 2004 $103,647
FY 2005 $ 14,997



Investigation of Neutron and

Gamma Probes to Detect
Explosives in Sealed
Containers

Michael Todosow
L. Wielopolski

03-064

PURPOSE:

The purpose of the project is to examine
options for using neutrons and/or resonance
gamma rays to probe airline shipping
containers and determine the presence of
explosives by reading the characteristic
signatures of induced or scattered radiation.
These techniques can be specifically
designed to probe for contraband in small
and large containers. The challenges include
the ability to make them simultaneously
effective and efficient. This includes issues
such as decreasing false positive alarms
while retaining a very high detection
probability, reducing the time necessary to
make the determinations, cost and
implementation issues, etc. As a result of
interest by DHS in the detection of Special
Nuclear Materials (SNM), issues associated

with this application have also been
addressed.
APPROACH:

It is proposed to use modern Monte Carlo
methods (specifically the MCNP/MCNPX
codes developed by LANL) to perform
“synthetic experiments” to simulate systems
based on the use of neutrons and resonance
gamma rays to determine the physical and
performance characteristics of potential
systems to detect explosives. However,
because neutrons will activate materials, the
focus is on Gamma Resonance Technology
(GRT), which has been demonstrated to be a
viable solution to intercept concealed
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explosives with a low (5%) false alarm rate.
A fundamental aspect of the initial phase of
the study was to evaluate the adequacy of
the basic cross section data needed to
evaluate this approach. The use of high-
energy, mono-energetic gammas to detect
SNM is also being explored.

Based on the results of the initial survey
phase, additional analyses will be performed
to define the characteristics of a reference
system(s) which might be based on neutrons
only, gammas only, or a combination.
Needed RD&D, including initial
experiments to evaluate selected
performance characteristics (e.g., intensity,
number and orientation of neutron/gamma
sources; number and orientation of
detectors; characteristics of signatures to be
measured/compared, etc.), will be identified.

TECHNICAL
RESULTS:

PROGRESS AND

Accomplishments for FYO0S5 includes:

Target (H. Ludewig, N. Simos).

Several target isotopes for the production of
high-energy mono-energetic gammas from a
few MeV protons were identified. An
attractive candidate is boron carbide which
could produce mono-energetic beams of
12.8, 9.17, and 4.4 MeV. In addition to
detecting explosives via detection of N-14
by GRT, this suite of photons would excite
photo-fission in any SNM present, and
would allow imaging of high-z materials via
y-radiography. More detailed studies
utilizing the ANSYS finite element code
considered a boron carbide (50 pm) on
copper (1-cm.) target with an assumed flat
proton beam. The model employed an
extremely fine mesh to capture the thin-layer
effects, and differential expansion of the two
materials was incorporated into the thermal
stress analysis.



Results of some of the thermal calculations
are shown in Figure 1. Assuming a 20 kW
beam resulting from a typical proton beam
energy of 2MeV and a current of 10-mA, the
increase in temperature would be acceptable
for a beam spot with a radius of ~0.1 cm.
However, a beam spot radius > ~0.3 cm.
would be  required from  stress
considerations.

Figure 1. Temperature Profile in Target

Temperature Profile for B4C-Copper Target
Power = 20 KW ; Beam Radins =0.05 em
Forced Convection Film Coeff. = 300 Wim2-K

Monte Carlo Simulations for SNM (G.
Raitses , M. Todosow. A. Mallen,)

M. Todosow is currently serving as a
member of the DHS Active Interrogation
Working Group (AIWG). In connection
with this activity the ability of a system
based on high-energy, mono-energetic
gammas to detect SNM hidden in a large
shipping container has been considered.
Several container configurations with
varying contents defined by the AIWG have
been simulated at BNL and LANL. Some of
the key figures of merit for an Active
Interrogation system include: 1) number of
fissions induced in the concealed SNM per
dose on the surface of the container; 2)

absolute number of fissions induced; and 3)
number of neutrons and/or photons which
escape the container and are available for
detection. High-energy mono-energetic
photons are particularly attractive based on
the first performance criterion, but the
relatively low yield per proton, coupled with
the characteristics of present and near-term
accelerators present a challenge with respect
to criteria 2 and 3.

SPECIFIC ACCOMPLISHMENTS:
Presentations

L. Wielopolski, M. Todosow, H. Ludewig,
N. Simos, “Production of Monoenergetic
Gamma Rays for Cargo Container
Inspection,” CAARI-2004, October 2004.
(accepted, but not presented due to LW
illness).

M. Todosow and H. Ludewig, gave several
talks on “Active Interrogation” to potential
Sponsors.

Proposals

“Target Studies to Support Active
Interrogation ~ Options,”  submitted to

DOE/NA-22.

LDRD FUNDING:

FY 2003 $110,000
FY 2004 $112,370
FY 2005 $ 90,901



Structural Studies on the

Integral Membrane Protein
AlkB

John Shanklin 03-094
PURPOSE:

The goal of this proposal is to initiate
structural studies on the Alkane o-
hydroxylase (AlkB) from Pseudomonas
oleovorans, exploiting its unique structural
organization that is ideally suited to both
crystallography and cryo-electron micro-

scopy.

APPROACH:

Approximately 30 percent of all proteins
reside in membranes, and with a few notable
exceptions little is known about their
structures and how those relate to their
function. There are two major obstacles to
structure  determination of membrane
proteins. 1) Membrane proteins exist in a
lipid bilayer along with many other
membrane  proteins,  which  greatly
complicates purification because they are all
functionally tethered together in the same
membrane. 2) Solubilizing proteins from a
complex heterogeneous membrane environ-
ment while maintaining the functional
protein requires precisely defined conditions
that are specific to each protein. The
solution to this complex problem is difficult,
because to purify membrane proteins, they
must first be expressed to high levels,
solubilized, and the conditions for
solubilization often interfere with the
conditions needed for purification. A unique
property of AlkB is that it forms
homogeneous protein vesicles that can be
purified in the absence of detergents. This
offers a unique opportunity to simplify
obtaining structural information for this
particular integral membrane enzyme.
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TECHNICAL PROGRESS AND
RESULTS:

The postdoctoral research associate, I. Abreu
replaced 1. Heilmann when he took a faculty
position in Germany.

While previous efforts were directed at
improving the relative abundance of
expressed AlkB protein, Dr. Abreu tested
several combinations of host strains, media
composition, and scale of induction. She
arrived at an acceptable expression level and
spent several months expressing and
purifying the protein. She found that a
critical step was in the concentration of
resuspended AIlkB containing membrane
following a differential ultracentrifugation
step. Resuspension in too high of a
concentration prevented the AlkB from
binding to the carboxymethyl phase of high
performance liquid chromatography and was
resulting in high low AlkB recovery and low
purification. Having solved this problem,
we were able to increase the yield of
recovered AlkB. Because the yield of AlkB
was specifically improved, with respect to
minor contaminants, the yield increase also
facilitated an increase in purity. Thus, we
were able to obtain several tens of mg of
purified AlkB for detergent solubilization
trials. Membrane proteins are notoriously
unstable upon the addition of detergents.
We undertook a two-step detergent
solubilization regime. The first step
involved membrane solubilization using a
harsh non-ionic detergent, Triton X-100.
This is particularly effective for removing
integral membrane proteins from the
membrane component, but is often
responsible for unfolding of the protein once
removed from the membrane. Further,
Triton X-100 has large micelle size, thus it
is very difficult to obtain monodispersed
AIKB, i.e., one AlkB per micelle. Thus, we
subjected  Triton  X-100  solubilized



membranes to high performance liquid
chromatography with the use of a G3000SW
matrix ~ with  n-Dodecyl-b-D-maltoside,
DDM, as the mobile phase. During the
chromatography, the Triton was exchanged
for DDM, and the AIkB came off at a
retention time consistent with it being a
monomer. This is a very significant
accomplishment and a prerequisite step for
crystallization trials. Now that we have
accomplished a monodispersed form at the
analytical level, we have to scale up our
procedure.  The monodispersed protein
eluant needs to be concentrated and then
subjected to crystallization trials.

The following has been accomplished:

e Identification of strains of AIkB in a
pET3a or pET9a plasmids in host cell
lines BL21DE3, BL21DE3pLysS.

e Optimization of growths in TB media at
the 1.5 lit scale.

e Optimization of purification conditions
increasing yield while minimizing
contaminants.
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e Purification of tens of mg highly
enriched and biologically active AlkB
protein. :

e Demonstration of solubilization from
membranes with the use of Triton
X-100.

e Demonstration of the ability to exchange
the Triton X-100 for DDM with
monodispersed AlkB at the analytical
level.

SPECIFIC ACCOMPLISHMENTS:

Evidence linking the  Pseudomonas
oleovorans alkane -hydroxylase, an
integral membrane diiron enzyme, and the
fatty acid desaturase family. Shanklin, J.
and Whittle, E. FEBS Lett. 545, 188-192
(2003). '

LDRD FUNDING:

FY 2003 $55,000
FY 2004 $96,692
FY 2005 $37,988



The Micro PET Study of Gene

Expression in Rodents
Panayotis Thanos 03-099

PURPOSE:

The chief objective of this research is to
develop methods and assess the potential of
micro PET for the investigation of the
function of genes in the whole organism.
We specifically propose to assess the
function of specific genes in the brain of rats
in which we will overexpress the gene in
specific brain areas and in mice in which
through “knock out” or ‘“knock in”
technology these genes have been deleted or
modified. The implications of these results
would be critical in furthering our
understanding in several research areas
currently at BNL: a) substance abuse, b)
aging, c) neurodegenerative disease, d)
learning and memory, e) cancer, and f)
radiation. More specifically these results
will be critical in studies of radiation
exposure and treatment of neurodegenerative
disease with stem cells.

APPROACH:

Rapid developments in genetic research
have given rise to the new field of
behavioral genetics and a growing demand
for assessing in-vivo the expression and
function of genes as well as how they
correlate with environmental factors and
behavior. Recent PET studies have started
to link disease associated genetic mutations
with  specific brain metabolic and
biochemical abnormalities that occur prior to
disease presentation (Feigin et al., 2001;
Matsuda, 2001). These studies have
highlighted the potential of PET as a tool to
investigate the consequences of genetic
polymorphisms in regional brain function.
Mice, through the use of “knock out” and

28

“knock in” technologies have been
particularly valuable in elucidating the role
of genes and the proteins they encode in
behavior and drug effects. This model is
valuable in predicting the genotypic basis of
neuropsychiatric disease.

Micro PET technology is a new and exciting
area of research. The present research
examines the development of methods
assessing the feasibility and sensitivity of
microPET in genetically engineered mice
and genetically modified rodents. We are
evaluating the genes involved in brain
dopamine (DA) neurotransmission [D2
receptor and DA transporter (DAT)] since
this is a system for which we have access to
appropriate radiotracers and to transgenic
and knockout animals. Finally, methods
employed include micro PET and
autoradiography.

Collaborators include: Dr. G.-J. Wang and
Dr. A. Biegon

TECHNICAL PROGRESS AND
RESULTS:
1) Measured dopamine receptor and

transporter levels in transgenic mice in: (a)
D2 wild type, D2 heterozygous, and D2
knockout and (b) DAT wild type, DAT
heterozygous, and DAT knockout. 2)
Measured D2 levels in rats that have
regional overexpression of these molecule
targets. 3) Evaluated the sensitivity of
microPET to assess functional brain changes
as measured by regional brain glucose
metabolism in D2 family transgenic mice
that are treated with the psychostimulant
MP. 4) Evaluated the sensitivity of
microPET to assess functional brain changes
as measured by regional brain glucose
metabolism in: Transgenic DAT mice that
were treated with a DAT blocking drug
(cocaine). 5) Complete the evaluation of the
sensitivity of microPET to assess functional



brain changes as measured by regional brain

~glucose metabolism in rats with regional
DAT who are treated with a DAT blocker
drug.

This project involves animal vertebrate
subjects (rodents).

SPECIFIC ACCOMPLISHMENTS:

Thanos, P.K.; Dimitrakakis, E.S.; Rice, O.;
Gifford, A.; Volkow, N.D. Ethanol self-
administration and ethanol conditioned place
preference are reduced in mice lacking
cannabinoid CBI1 receptors. Behavioral
Brain Research 2005 Nov 7;164(2):206-13.

Volkow, N.D.; Wang, G.-J.; Franceschi, D.;
Fowler, J.S.; Thanos, P.K.; Maynard, L.;
Gatley, S.J.; Wong, C.; Veech, R.L.; Kunos,
G.; & Li, TK. (2005). Low Doses of
Alcohol Substantially Decrease Glucose
Metabolism in the Human Brain.
Neuroimage
doi:10.1016/j.neuroimage.2005.07.004.

Heidbreder, C.A.; Gardner, E.L.; Thanos,
PK.; & Ashby, CR. The role of central
dopamine D3 receptors in drug addiction: a
review of pharmacological evidence. Brain
Research Reviews Vol 49(1)77-105

Thanos, P K. et al., The selective dopamine
D3 receptor antagonist SB-277011-A
attenuates ethanol consumption in ethanol
preferring (P) and non-preferring (NP) rats.
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Hydrogen Atom Transfer

from Carbon to Metal —
Relevance of a Novel Reaction
to Catalyzed Hydrocarbon
Conversions
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PURPOSE:

The purpose of this project is to investigate
the feasibility of a new method for cleavage
of the carbon-hydrogen (C-H) bonds in
hydrocarbons, through hydrogen (H) atom
transfer reactions from a carbon to a metal.
We seek to carry out fundamental kinetic
and mechanistic studies to investigate this
novel chemical reaction that is relevant to
homogeneously  catalyzed  hydrocarbon
conversions.

APPROACH:

A fundamental understanding of reaction
mechanisms is required for the rational
design of new homogeneous catalysts. Both
kinetic and thermodynamic issues are
important in assessing the viability of new
proposed steps that might be used in
catalytic cycles. We seek an improved
understanding of the reactivity of metal
complexes that catalyze organic reactions.
Synthetic, kinetic and mechanistic studies on
organometallic complexes are performed
towards this goal.

Selective conversion of hydrocarbons to
functionalized organic compounds presents
a formidable scientific and practical
challenge, and is a major goal of
organometallic chemistry and homogeneous
catalysis. = We are examining a novel
reaction in which cleavage of a C-H bond
proceeds by hydrogen atom transfer from a
hydrocarbon to a photochemically generated
metal-centered radical.
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Jie Zhang, a post doc funded through this
project, carries out synthesis and
characterization of the metal complexes used
in this study, along with photochemical
studies using continuous irradiation.
Experiments using laser flash photolysis and
transient infrared spectroscopy measure-
ments are carried out in collaboration with
Etsuko Fujita and David Grills. Kuo-Wei
Huang, a Goldhaber Fellow at BNL, carries
out computations to determine energetics of
the reactions, and bond strengths of the
bonds being cleaved or formed in the
reactions.

TECHNICAL
RESULTS:

PROGRESS AND

Metal complexes containing osmium (Os)
are the primary focus of our efforts, since Os
is known to form strong bonds to carbon and
to hydrogen. Our previous report gave
details of the successful efforts to develop
reliable, high-yield synthetic methods for
preparation of the Os-Os bonded complexes
used in our photochemical experiments,
[CP(CO),0sl, (Cp = mn’-CsHs) and
[Cp*(CO),0s]> (Cp* = n’-CsMes).

Photolysis (A > 300 nm) of a solution of
[Cp(CO),0s], and 1,4-cyclohexadiene
produces two equivalents of Cp(CO),OsH,
together with benzene as the organic
product, thus documenting that the proposed
metal-to-carbon hydrogen atom transfer
occurs. A key issue was physical
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